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Ergonomics: aeesls?

* msnannu. msanmmeInnmans (Greek —
nomos: law) wvesnmvesnyud (Greek —

ergon: work).

* nagns. Ergonomic szgdedrinadmumammuaziudale
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1. Ergonomics is the science of fitting workplace conditions and job

demands to the capabilities of employees. ( U.S. Dept.of Health)
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Task = aw

Equipment = mn3esile
Environment = gunadeslumsiam
Organization = msdaesnns
Personnel = yaains
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* Working efficiency = sauedsd
Uszansommn

* Health and Safety = s #eunianazanu
Vasase

e Comfort and ease of use = anu
azmnammaazﬂ’Jma'm“lumsﬁnm
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Muscles of Shoulder
Posterior View

Spinous process of C7 Semispinalis capitis muscle ik
Splenius capitis muscle connected to

upper limb

Trapezius muscle Lewvator scapulas muscle

Supraspinatus muscle

Rhomboideus minor muscle
Acromion

Rhomboideus major muscle
Spine of scapula

Teres minor muscle
Infraspinatus muscle

Deltoid muscle
Teres major muscle

Long head of triceps
brachii muscle

Lateral head of tnceps
brachii muscle

Infraspinatus fascia

Triangle of auscultation

Latissimus dorsi muscle

Spinous process of T12



Muscles of Shoulder
Anterior View

Trapezius muscle

Omohyoid muscle and
cervical (investing) fascia

Stemocleidomastoid muscle

Deftopectoral tnangle
Acromion

Deltoid branch of thoracoacromial artery

Clavicle

Deftoid muscle
Clavicular head of

pectoralis major muscle

Cephalic vein
Stemocostal head of

Long head of biceps pectoralis major muscle

brachii muscle

Short head of biceps
brachii muscle

Stemum

#bdominal head of
pectoralis major muscle

Triceps brachii muscle

(ateral head)
enor sheath of rectus

Latissimus dorsi muscie g
abdominis muscle

Sematus antenor muscle

Extemnal abdominal oblique muscle 6th costal cartilage



Scapulohumeral Dissection
Anterior View

Biceps brachii tendon (short head) {cut) and coracobrachialis tendon (cut)

Acromion of scapula Coracoacromial ligament

Coracoid process

E.—Suprascapular artery and nerve

e Superior transverse
;- scapular ligament
and scapular notch

Supraspinatus tendon

Greater tubercle of humerus\ »

Subscapulans tendon

Intertubercular synowvial sheat

Aatenor circumflex humeral arte
Pectoralis minor

Biceps brachii tendon (Jong head) (cut) tendon (cut)

Awxillary nerve and postenor
circumflex humeral artery

Subscapulans muscle

Quadrangular space Subscapular artery

Radial nerve
Lower subscapular nerve

(to teres major muscle)
Circumflex scapular artery

Long head of
biceps brachii

Trniangular space

Short head of biceps
brachii muscle

Coracobrachialis muscle Subscapulans muscle

Thoracodorsal artery and nerve

to Iatissimus dorsi muscle) Teres major muscle

Latissimus dorsi muscle



Ligaments of Elbow in 90° Flexion
Lateral and Medial Views

umenis

Humerus

Aeticular capsule

Radial collateral ligament Fanular ligament
Biceps brachii tendon

Biceps brachii tendon

Feticular capsule
Triceps
brachii

endon

nceps
arachii

:endor\ &

Olecranon
bursa

Ulnar collateral ligament

Ulna Oblique cord

Olecranon bursa Aanular ligament



Individual Muscles of Forearm
Rotators of Radius - Supination

Lateral epicondyle hiedial epicondyle

Supinator muscle

Pronator teres muscle

Ulna

Radius

Pronator quadratus muscle



Wrist and Hand
Deeper Palmar Dissections

Radial artery and vena comitante Ulnar artery with venas comitantes

and ulnar nerve
Flexor carpi ulnaris tendon

Flexor carpi radialis tendon
Radial bursa (containing flexor pollicis longus tendon)

Ulnar bursa containing superficialis
and profundus flexor tendons
Pisiform bone

hzdian nerve
Palmaris longus tendon and palmar carpal

Deep palmar branches of
ulnar artery and nerve

Flexor retinaculum

Thenar muscles

Superficial branch of ulnar nerve
Superficial palmar

artenial and venous Palmar digital nerves to 5th
Proper palmar digital nerves of thumb

finger and medial half of 4th
hedian nerve

Synovial sheath of flexor
pollicis longus tendon (radial

Ulnar bursa
Probe in 15t lumbrcal muscle sheat

2nd, 3rd and 4th lumbrical

muscles (in sheaths)
Common palmar digital artery:

Proper palmar digital arteres Synovial flexor tendon sheaths

Palmar aponeurosis (reflected)

Septa from palmar aponeurosis forming canals



Lumbrical Muscles and Bursae, Spaces and Sheaths
Schema

Intermediate
bursa
(communication

Radial bursa

Ulnar bursa
Thenar space

vidpalmar
-pace

Lumbncal
muscles (n

Digital synovial
tendon sheaths

Usual arrangement Common variation



Arxteries and Nerves of Upper Limb

Deltoid muscle Coracobrachialis muscle

Intercostobrachial nerve
Short head of biceps brachii muscle

Long head biceps brachii muscle hiedial brachial cutaneous nerve

Radial nerve

husculocutaneous nerve

hiedian nerve Ulnar nerve

Brachialis muscle Brachial artery

Bicipital aponeurosis hiedial antebrachial cutaneous nerve

Lateral antebrachial cutaneous nerve { ¥ B

(from musculocutaneous nerve)
Deep branch of radial nervs -

Superficial branch of radial nervs
Brachioradialis muscle

Radial
Ulnar head of pronator teres muscls

Biceps brachii muscle (cut) and tendon

A / :
Ly L Supinator muscle
' /,/ : Humeral head of pronator teres muscle (cut)
Flexor carpi radialis muscle (cut)
Humeroulnar head of flexor
digitorum superficialis muscle (cut)
Flexor digitorum profundus muscle
Flexor carpi ulnans muscle
Ulnar artery and nerve
Dorsal branch of ulnar nerve
Flexor digitorurmn superficialis tendons
Deep palmar branches of ulnar artery and nerve

Radial head of flexor digtorum superficialis muscle

Pronator teres muscle (partially
hdzdian nerve
Flexor pollicis longus muscle
Flexor carpi radialis tendon
Flexor retinaculum

hator branch of median
nerve to thenar muscles
Superficial palmar artenal arch (cut

Superficial branch of ulnar nerve
Common palmar digital branch of ulnar

Common palmar digital branches Aaastomosis between branches of median and ulnar nerves

of median nerve Proper palmar digital branches of ulnar nerve

Proper palmar digital branches of median



Nerves of Back

Rhomboideus minor muscle
Focessory nerve (K1)

Greater occipital nerve (dorsal amus of

Trapezius muscle (reflected
P ¢ ) ‘é -4 3rd occipital nerve (dorsal ramus of

Lesser occipital nerve |  Ceryical plexus

Levator scapulae muscle : .
Great auricular nerve (ventral ami of C2, 3)
Transverse cervical artery

Trapezius muscle (in situ
(descending branch) and vei P a )

Spinal nerves (medial cutaneous
branches of dorsal rami of C4- TG;
C7, 8 are minimal)

Supraspinatus muscle
Spine of scapula

Subtrapezial plexus Deltoid muscle

Infraspinatus fascia : :
Supernor Iateral brachial cutansous

nerve from axillary nerve (C5, 6)
Teres minor and major muscles

Rhomboideus major muscle

P—Spinal nerves (1ateral cutaneous
\\ branches of ventral intercostal rami)

Latissimus dorsi muscle

Spinal nerves (lateral cutaneous
branches of dorsal ami of T7- 12)

Spinous process of 12th thoracic vertebra

Thoracolumbar fascia

Extemal abdominal oblique muscle

Gluteus maximus muscle llichypogastric nerve (ventral mmus of

lliac crest

L, Superior cluneal nerves
&, (dorsal rami of of $1, 2,

R hiddle cluneal nerves
' A (dorsal rami of $1, 2, 3)

Inferior cluneal nerves from
posterior femoral cutaneous nerve



Suboccipital Triangle

Galea aponeurctica Rectus capitis posterior minor muscle

Greater occipital nerve (dorsal ramus of C2) Rectus capitis posterior major muscle

Left occipital artery Semispinalis capitis muscle (cut and reflected’

Occipital belly (occipitalis) “ertebral artery

of epicranius muscle
Superior obliquus capitis muscle
3rd occipital nerve

(dorsal mmus of C3) Suboccipital nerve

(dorsal ramus of C1)

Semispinalis capitis muscle

in posteror (Jateral) triangle

of neck (intact)
Splenius capitis muscle

in posterior (ateral)
tiangle of neck (intact)

Posterior arch of atlas (C1)
Right occipital artery

Inferor obliquus capitis muscle
Dorsal amus of C2

Splenius capitis muscle
(insertion end cut and reflected)

Dorsal mamus of C3

Postenor auricular artery

Great auricular nerve
(cervical plexus C2, 3)
Longissimus capitis muscle

Lesser occipital nerve
(cervical plexus C2, 3)
Splenius cervicis muscle

Stemocleidomastoid muscle
Semispinalis cervicis muscle

Trapezius muscle

hdzdial cutaneous branches
of dorsalami C4, 5, 6

Splenius capitis muscle (orgin end cut) Semispinalis capitis muscle (cut)



Cervical Ribs and Related Anomalies 1

Aaterior scalene muscle

hMiddle scalene muscle Cervical rib adheres

to 1stthoracic rib by

Cervical rib dense fibrous band.

COMpresses
subclavian
artery: |
poststenotic
dilatation.
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MSD Hazards
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MSDs dluanurailnanina

U = | d'! T ]
NUHBItIDD HIY U Tennis and

Golfer's Elbow
{Epicondylitis)

FPitcher's Shoulder
{Rotator Cuff

Tendinitis) and

Bursitis

Y
Y A
NatuLiU®e
9y 3
* IFUIBU Low Back
Carpal Fain
Tunnel
° ﬁﬂﬁﬂ Syndrome
o 2 {L‘arpetLayqr_'s
Yo Knee {(Bursitis)
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« CTD’s (cumulative trauma disorders)
« RSI’s (repetitive stress injuries)

« RMI’'s (repetitive motion injuries)
Feine:

« MSD’s (musculoskeletal disorders)

. MSD’s ilulan nannite ey aulszain, ¥e uaz vivou
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MSD Ninu lalod

Tendonitis- (@MUY
J A

Carpal Tunnel Syndrome - 1saiszanglusndoie
Tennis Elbow - (9uvaf@NONIEY

. . . &, W U
Neck and Back injuries- na 1}t {ananaziaIontad
Strains/Sprains- MIONEAL/H1 VOINA1UD

e U d'! LA
Bursitis- PN30NIAUUDULDHNVD
. d

Thoracic Outlet Syndrome - J3nglaaAnsasan

v
a A g

Trigger finger- TsaeuHINed NI
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* DeQuervain’s Syndrome

« Stuck finger

« Sore Hand

* Guyon’s tuunel syndrome
* Digital Neuritis

* Finger Click

e Pain in
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* Tendinitis

* Tenosynovitis

* Trigger Finger or Thumb
» Carpal Tunnel Syndrome
» Stenosing TenosynovVitis
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* Tsnwesveaninen (I horacic outlet syndrome)
* nauemsaene (NeCcK Tension Syndrome)

® PUINIEAL

o doydodednay (BUrSitis)

* Rotator Cuff Injuries
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Thoracic Outlet Syndrome Exercises

Scalene stretch

Pectoralis stretch

Scapular squeezes

Theoracic extension Arm slides on wall

Copyright @ 2005 McKesson Health Solutions LLC. All rights resared
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Shoulder Model



Rotator Cuff Injury Exercises - Phase ||

Tubing exercise for Tubing exercise for
external rotation internal rotation
J 3

Sidelying external rotation
Scaption

5O

— m\
—

Horizontal abduction Push-ups with a plus

Copynght £ 2001 McFasaan Healh Solutions LLC. All ngMs ressrsed



Rotator Cuff Injury Exercises

B\J

Wand exercises

|

-
l

-

Isometrics

Supraspinatus exercise

Copynght © 2001 MeKaason Heallh Soluliens LLC. Al rights resarved
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Low Back Pain




Pain from sciatica radiates from the
buttock down the leg and can travel
as far as to the feet and toes

FADAM.




Low Back Pain Exercises

Cat and camel

Pelvic tilt

Trunk rotation

Partial curl
‘vﬁ L

Double knee to chest

Piriformis stretch
Copyright & 2004 Mc¥esson Health Solutions LLE. All rights resarved.
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ACL injuries occur when
bones of the leg twist
in opposite directions
under full body weight




Wrist Ligament Injury

Dorsal radio-ulnar

Interarticular

ENLARGED VIEW OF THE
TRIANGULAR MENISCUS

DORSAL VIEW OF LEFT HAND



msdszdivandaeld Lifting Calculator (WISHA)

b= Ibs. b=

Above 65 |40 30
shoulder

Waist to *iﬂg = —

shoulder IT—T5
Knee to ap | 55 40
waist

Below -l 56 35
Knee ‘

DII TII 12-
FMear Bid Exfended



Calculator for analyzing lifting operations

oM ary I

Jakn I

1 Enter the welght of

the object liftecl.

Weight Lifted

Ibs.

2 Circle the number on a rectangle belows
that corresponds to the position of the
person’s hands when they begin to lift
or lower the chjects.

Abowe 30
shoulder /rs
Waist to —H
shoulder
)

Knee to 90 |55 40
waist
Below T0 | 50 35
Knees

" ¥ 12"

kear Pdid Exmemdod

Ewvaluator I

Crate I

3 Circle the number that cormresponds to
the times the person lifts per minute and
the total number of hours per day spent

liftirg.
Hofe:- For IMing dons less than ancs every e minuies
uEe 1.0

Howw many lifts Howe mamy haowrs per day ™
per minute ? 1troriess |9 hrio 2hes | 280 ar moes
1 Irft ewery 2-3 min 1.0 o.=5 O.=5
1 Iift ewery min o.a5 0.8 .75
2-3 lifts ewery min 0.5 .25 0S5
4-5 lifts ewery min =5 Oo.7 045
&-7 lifts ewery min .75 5 0.Z25
8-3 lifts ewery min 0. o35 o156
104+ Irfts ewery min 0.3 o2 0.0

4 cCircle 0.85 if the PErson

twists 45 degrees or more

wehiile Iiftirng.

Diherwise cincle

0.85

1.0

5 Copy below the numbers you have
circled in steps 2, 3, and 4,

LIfIing Lirmit

-4 =

lbs. X
Stap Stap
2 3

Ziep s
4

6 Isthe Weight Lifted (1)
less than the Lifting

Lirmit (&)

Yes — oK
Mo — HAZARD
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Symptoms Survey

1191013

F

DL

Right side:
Neck

Shoulder
Upper arm
Elbow
Forearm
Wrist
Hand

Hip

Thigh
Knee
Lower leg

Foot/ankle

F DL

FREQUENCY

0=

1 = Rarely

2=

3=

Never

(few times/month)

Frequently
(few times/week)

Constantly
(nearly every day)

F DL Left side:
Neck

Shoulder

Upper arm

Elbow

Forearm

Wrist

Hand

Hip

Thigh

Knee

Lower leg

Foot/ankle

DISCOMFORT LEVEL

cPeRNOMAWNIO

No Discomfort

Fairly Comfortable

Moderate Discomfort

Very Uncomfortable

Extreme Discomfort




What are MSD Signs and Symptoms?
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Proactive Reporting:
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Static
Loading

Repetition

Environmental Health and Safety
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Hazards to watch for
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Head level

Elbows Shoulders
at sides relaxed
Wrists

straight Low back
i supported

Feet supported
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Awkward Posture




Awkward Postures - Low work

Squatting




Awkward Postures




Awkward Postures =
Postures outside of neutral.

Examples of Awkward Hand / Wrist Postures:

EXTENSION FLEXION

ULNAR DEVIATION

RADIAL
DEVIATION

(b) Redesigned pliers



Cerebral Cortex
Cerebellum, and
Subcortical Center

|
i
f

Motor Neuron
{Effcrent Pathway)

Muscle

Sensory Receptor
(A fferent Pathway)

Bones, Joints,
and Ligaments
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Human Anthropometry
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Male Body Dimensions (cm)
Dimension 5th 50th 95th Standard
Number | Dimension Name Percentile | Percentile | Percentile | Deviation

1 Vertical reach 195.6 209.6 2235 8.46

2 Crotch height 75.4 83.1 90.7 467

3 Shoulder height 133.6 14386 1541 622

4 Eye height 152.4 163.3 175.0 1529

5 Stature 163.8 174.4 1856 6.61

6 Height, sitting 84.5 90.8 96.7 366

7 Eye height, sitting 728 78.8 8456 357

8 Shoulder breadth 41.5 452 498 254

9 Hip breadth, sitting 30.7 33.9 384 238
10 Shoulder height, sitting 57.1 624 67.6 3.18
11 Elbow height, sitting 18.8 23.7 28.0 278
12 Thigh clearance 13.0 149 175 136
13 Thumb tip reach 749 82.4 90.9 485
14 Elbow-fingertip length 443 479 519 231
15 Buttock-knee length 54.9 59.4 643 285
16 Buttock-popliteal length 458 498 54.0 250
17 Popliteal height 40.6 445 488 250
18 Knee height, sitting 49.7 540 58.7 273 i

Fiaure 19..0 RBRndv dirnoncinne for man Carracnanding sascinihte sre ae Eallass Tl ok
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Female Body Dimensions (cm)

D&mﬂ? 2 1 Dimension Name Pergg‘nﬁh Pemlle P"gg"hme g?"?:gg

: L"e“‘“' reach 185.2 199.1 213.4 8.64
2 | Crotch height 68.1 74.4 81.3 4.06
[ 8| Shonkee height 123.9 133.3 143.7 6.00
g | Eye height 142.2 149.9 158.8 6.35
s Stature 152.6 162.8 174.1 6.52
- | Height, sitting 79.0 85.2 90.8 3.59

3 St Eye height, sitting 67.7 73.8 79.1 3.46

8 Shoulder breadth 38.4 42.0 45.7 2.24

9 Hip breadth, sitting 33.0 38.2 43.9 3.27

10 Shoulder height, sitting 53.7 57.9 62.5 2.66

11 Elbow height, sitting 16.1 20.8 25.0 2.74

12 Thigh clearance 13.2 15.4 17.5 1.31

13 Thumb tip reach 67.7 74.2 80.5 3.88

14 Elbow-fingertip length 40.0 43.4 47.5 2.28

15 Buttock-knee length 53.1 57.7 63.2 3.06

16 Buttock-popliteal length 435 475 52.6 2.76

17 Popliteal height 38.0 41.6 45.7 2.35

18 Knee height, sitting 46.9 50.9 55.5 2.60

S AR A wmiiid




~ Total height

Eyelovel (o

Shoulder \
, /A\

1753
m
| T
| ©
gi

=

162.6
1)
D
{5

147.3

106.7

Full-arm reach limits




Static vs Dynamic muscular effort
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The Great Herniated Tomato Experiment

Imagine placing a tomato
between the palms of your
hands and applying direct
pressure. You could apply
enough force to cause the
tomato to burst.

Now , imagine doing the
same thing to another
tomato, but this time you
also twist your hands in
opposite directions.

What happens?




Body Mechanics: The Arm-Lever Equation

Effort (E)

Effort Distance (DE)
Load (L)

Load Distance (DL)

DE = 2in. DL = 22 in.
E = 550 Ibs. E+L = 600 Ibs. L =50 Ibs.
ExDE=LxDL
E/L = DL/DE

i ludeduiluiinzdosanszaznevesdsiinood (DL)7?
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« Test the load; get help if needed.
* Pivot and
move your

. plan the lift and the path you will take. base of support to

+Keep the load as close to
possible. the body ag ° TrY 10 Keep el




Provide a 124 cm -

clear view.

Keep lifts
between shoulder

and
knuckle height.

Provide il s
hand grips. gtz iida

i i

Avoid twisting:
To reduce the need to twist and

place pallets on a lazy Susan.

Avoid stooping
into deep bins. \ B

&

bend while loading or unloading,

Avoid high lifts:
Store lightest
items on high
shelves, heaviest
between waist
and shoulder,
and infrequently
used items at
bottom level.

Provide height-
adjustable platforms
for boxes and pallets.

tilt toward the worker,
pending at the waist
IS avoided.

Because these platforms



Typical posture
for pushing

Cart handle

Person of 60‘ |




anwa (Fatigue)

oMaximal Force =
Required Force +Worker’s
Maximal Force

Rohmert's Equation
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Body Pant
Neck/ Shoulders

Arms, Elbows

Wrists/ Hands/

Effort
Level

R

| A—

Ergonomic Job Analysis

Efforts/
mmmmmum
a;m

o, " .
:z

|
— 2
3

Continuous Effon
Time Categories
| = < 6 sec
272610 20 sec
3= 20 sec

Efforts Minute
Categones

| =< |/min
271105 min
=25 15min

Dr'.Rodger"sj Ehological model
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NIOSH Lifting Model (National Institute for Occupational Safety and Health)

Determines what the maximum load should be, given the
following characteristics:

= Weight of the object lifted.

= Position of load with respect to the body; starting
and ending point of horizontal and vertical distances.

* Frequency of lift per minute.

= Duration of lift.
v Occasional = less than 1 hr/day.
v' Continuous = greater than 1 hr/day.



NIOSH guidelines apply to infrequent lifts with loads
which are symmetrically balanced in front of the body.

H2

<

NIOSH Lifting Summary

”

=

N 1

-I V1

V2




LI=AWL/RWL (LI=Lifting Index, AWL =Average weight limit,RWL=Recomend)

RWL=Load constantxHMxVMxDMxAMXFMxCM
Start of lift End of' !ift

V, = 36"

D =V, =V, = 36"~ 6" = 30"

HM=Horizontal
modifier,VM=vertical, DM=distant,A

M-Asymetry,FM=Frequency,
CM=Couplino




WEIGHT LIFTED

(Ib.)
200 —/

50 =7

Body Interference Limit

|

|

|

I

! Engineering

I Controls

: Required

|

|

|

|

|

: Reach Limit
|

| "

Administrative
Controls

|
|
: Maximum
|
. Required '

Permissible
Limit

...... Action
Limit

10 20 30 (in.)
HORIZONTAL LOCATION OF LOAD



MU= work load

Job energy requirement (Energy cost) vs employee’s ability to expand energy

(Physical Work Capacity or Aerobic Capacity)

Unit: kcal/min, L/min (O2consumuption), 1pmO2consumption=4.8kcal/min

o> %4

1590 PWC: Jamslyo2vuoamnazau viseliauads 01g 20-30 19 16kcal/min

ANl E70% Vo118 9101811001 60 19 70% V8919918 30 1)



Acceptable Workload

nitdluanawes PWC (dszana Skcal/min)

massanmsduvesnlehiny 110-120 afsdesniinasn 8 #lua
wasmnimauInasnavmngndmalu 15 wnn

Recovery pulse method (Brouha)
SaiwassuaSandannamaduge 0.5-1, 1.5-2 uaz 2.5-3 i

. v C AR T
FnasaTawsnlugani 110 ase/ind aSeiimahinasasndinsasniu
10 a39/snh
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Develop at least “rules of thumb” for each environmental factor.

lllumination
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Quality - -
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Ergonomic tips to reduce force

Y A
W81813J1%Lﬂ5638ﬂlla$’50mﬂ

1 v A Jd
— WINTUBYNYNUBDIVIUNINU 35 ‘]J’E]‘Llﬂl@\fl

— wenewedwnveunaeuinu 100 a

Y < Y Ay
lssoulngnas
—  WANDBNAINAD B8R

— HENAIEARILUY

A < 9 9} 1 A -y}
— fJuLﬂuLﬁuﬁ‘iﬂwmiﬂ’ﬂﬂﬁJ@WJ

Y 3 A
— l¥anusMmunzgau

— Tudlan lildldvewduauinvesse




Ergonomic tips to reduce contact stress
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Topics covered

HOME

Lifting Awkward postures Forceful pinching,
gripping

Hand-arm vibration
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Lifting

v J 3.71
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POUNDS

RECOMMENDED]

LIMIT

£~

|ONCE A DAY)

A



Lifting
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Lifting
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awkward lift
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Lifting
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A Quick Guide on Recommended Limits for WMSD

Hazards

AWKWARD POSTURES




Awkward postures
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FORCEFUL PINCHING, GRIPPING




Forceful pinching
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Forceful gripping
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REPETITIVE MOTION




Repetitive motion
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INTENSIVE KEYING




Intensive Keying
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HAND-ARM VIBRATION




Hand-arm vibration
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The Ergonomics Cycle
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